The Naval Health Research Center (NHRC) has used its modeling and simulation (M&S) expertise to develop and update conventional U.S. Air Force medical assets since 2004. Air Force medical modeling capabilities currently capture care and treatment of the sick and injured from the first responder through theater hospitalization.
Introduction
The Naval Health Research Center (NHRC) has used its modeling and simulation (M&S) expertise to develop and update U.S. Air Force medical capabilities, allowance standards (AS), and surgical subspecialty Unit Type Codes (UTC) since 2004. Air Force medical units must remain small, light, and flexible. Based on the success of previous work, the Air Force asked NHRC to conduct a study of the Medical Neurosurgical Team (FFNEU) (Konoske, 2009 ). The U.S. Air Force Medical Services are faced with a wide range of potential scenarios, from providing warfighters forward resuscitative care to assisting civilian populations during humanitarian relief operations. Air Force planners and UTC developers have closely followed the Joint Vision 2010 concept of providing highly mobile medical resources with a minimal logistic footprint, without compromising capability (Office of the Joint Chiefs of Staff, 1998) . Additionally, guidance provided by the Joint Vision 2020 calls for a more scientific approach that leverages existing information technologies to support modern operational capabilities (Office of the Joint Chiefs of Staff, 2000) . Emphasis on mobility and capability result in a modular approach to prepare, plan, and deploy the FFNEU expeditionary medical platform.
Method
The NHRC method of modeling medical supply requirements was developed to establish and/or review medical inventories for various levels of care. The aim is to give clinicians in the field the needed materiel to provide the best care possible, while still maintaining as small a logistical footprint as possible. This is accomplished through a process that begins with the identification of likely patient types to be encountered by a particular type of medical treatment asset, including combat wounds, non-battle injuries, and illnesses. International Classification of Diseases, Ninth Revision (ICD-9) coded patient conditions that have been selected by the Defense Medical Materiel Program Office are used for this purpose. The Enterprise Estimating Supplies Program (EESP) was the only application used in this study. Figure 1 illustrates the NHRC processes used when developing a M&S package.
Task Order

Establish Patient Stream
Subject Matter Expert Guidance
A subject matter expert (SME) AS review was performed on January 26, 2010 at the Wilford Medical Center in San Antonio, Texas. At this meeting, SMEs and NHRC analysts refined and validated assumptions regarding equipment and supply associations, and the range and scope of patient types.
Patient Stream
To determine the initial supply and equipment requirements, NHRC analysts developed a scenario depicting the range and types of patients that would be seen and treated at a deployed military treatment facility. The Patient Condition Occurrence and Frequency (PCOF) tool was used to generate a patient stream that is comprehensive in both the range of patient types and the frequency at which they present. Using a Poisson process and the rates provided by the PCOF tool, patient streams were developed to realistically emulate the medical demands consistent with the chosen scenario.
The resulting PCOF-generated patient stream was used in EESP to determine the medical supplies for the FFNEU, with a throughput of 33 patients in a 30-day period. The patient stream is shown in Appendix A.
Expeditionary Medical Knowledge Warehouse
The patient stream is input to the Expeditionary Medical Knowledge Warehouse (EMedKW) program to perform M&S. EMedKW is composed of EESP, the Tactical Medical Logistics (TML+) planning tool, and the ReSupply Validation Program (RSVP). EMedKW is a service-oriented architecture system designed to protect and organize medical data. EMedKW provides the ability to estimate the equipment and consumable items needed to treat a particular patient distribution, while also tracking inventory to monitor mission readiness. Within EMedKW, the tasks required to treat each PC code are identified and matched with the required equipment and consumable items. The output informs the appropriate modifications to the 917D line list for the Air Combat Command Manpower and Equipment Force Packaging System review.
The following example describes the EMedKW data structure (see Figure 2 ). The task profile shows the likely clinical tasks to be performed on this type of patient in that functional area, and the percentage of those patients expected to receive them. The "Equipment/supplies" column identifies the items needed to complete the "Insert endotrach tube" task at that level of capability. Not shown in this figure are additional data fields used to calculate supply quantities, including the amount of each supply needed to complete the task, how often the task will be repeated in the first 24 hours of treatment, how often the task will be repeated in each subsequent 24-hour period, and the average length of stay at that facility. 
Capability
The FFNEU provides resources to establish and support a neurosurgical capability at a deployed medical facility. This includes the expedient diagnosis, triage, and management of surgical and non-surgical conditions, such as cerebral concussions, contusions, skull fractures, spontaneous intracranial hemorrhage, spinal fractures (with both stable and progressive neurological deficits), intervertebral disk disorders, peripheral nerve injuries, and penetrating injuries of the skull. It is staffed with one neurological surgeon and one surgical services craftsman. The FFNEU's capabilities are optimized when deployed with the surgical sub-specialty expansion UTCs from ophthalmology and ear, nose, and throat.
The FFNEU depends on the deployed medical facility for laboratory support, including the ability to determine anticonvulsive drug levels, pharmacy support, radiological support with angiography and CT scanning, and critical care unit support with intracranial pressure monitoring.
Results
Change Justification
M&S provides visibility into change justifications. Justifications typically fall into one of four categories; modernization, clinical requirement, standardization, and redundancy. Modernization and standardization did not result in any change recommendations for this review. All changes were deletions based on clinical requirements and redundancy. In total, 55 items were deleted, 53 of which were due to redundancy. The deleted items are found in the EMEDS, and existing quantities are sufficient to support the neurosurgical capability. Two items used in maxillofacial surgery, the maxillofacial cutter and bone plates, were also recommended for deletion.
Quantity Changes
While there was a decrease in the weight and cube, there was a minimal increase in the total cost for the allowance standard in this scenario. The most dramatic changes were seen in the medications and consumables. Fibrin sealant kits are expensive items, and, although the quantity increases are modest, the recommended levels contribute an additional $26,000 to the consumables' cost. While recommended changes in medications inventory provided substantial decreases in weight and volume, overall medication costs are also higher. One example that contributed to the medications' reduction in weight and cube is phenytion sodium capsules. These are provided in bottles of 1,000 capsules, and there are 25 bottles available in the standard but the modeled scenario called for less than one bottle.
Of note is a significant decrease in overall weight and cube, and a negligible increase in overall cost. Table 1 details the weight, cube, and cost differences in the current and recommended configurations. A detailed line list is provided in Appendix B. 
